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Acr           Acrylamide                          丙烯酰胺 
Bis           Bis-AcrylamideN,N                   甲叉双丙烯酰胺 
COⅠ          Cytochrome oxidase Ⅰ               细胞色素氧化酶 Ⅰ 
D-loop        Control region                      控制区 
DDW           Double distilled water              双重蒸馏水 
DNA           Deoxyribonucleotide                 脱氧核糖核酸 
dNTP          Deoxyribonucleic triphosphate       脱氧核糖核苷三磷酸 
EB            Ethidium bromide                    溴化乙碇 
EDTA          Ethylene diamine tetra acetic acid  乙二胺四乙酸 
EST           Expressed SequenceTags                表达序列标记 
g,mg,ug       Gram,Milligram,Microgram            克 毫克 微克 
ISSR          Inter-simple sequnce repeats          简单重复序列标记 
mim           Minute                                分钟 
ml            mililitre                             毫升 
mtDNA         mitochondrial DNA                     线粒体DNA 
PAGE          Polyacrylamide gel electrophoresis    聚丙烯酰胺凝胶电泳 
PCR           Polymerase chain reaction             聚合酶链式反应 
Prk           Proteinase K                          蛋白酶K 
PBS           Phosphate buffered saline             磷酸盐缓冲液 
QTL           quantitative trait loci               数量性状基因座位 
RAPD          Random Amplified Polymorphic DNA       随机扩增多态性DNA 
RFLP          Restriction Fragment LengthＰolymorphism 限制性片段长度
多态性 
rpm           Revolutions per minute                 转/分 
SDS           Sodium dodecyl sulfate                 十二烷基磺酸钠 
RNA           Ribonucleic acid                       核糖核酸 
RNAase        Ribonuclease A                         核糖核酸酶A 
sec           Second                                 秒 
SSCP          Single Strand Conformation Polymorphism 单链构象多态性 
SSR           simple sequence repeats                简单序列重复 
Tris          Tri hydroxymethy1 methylamine          三羟甲基氨基甲烷 
uL            Microlitre                             微升 


































致度 I(0.987-0.998)较高，FST为 0.013-0.055，表明总变异中有 1.3-5.5%的遗
传变异产生于群体之间，，基因流 Nm 为 4.335-18.980，存在强的基因交流，汕
头和厦门群体为同一种群，我们推测台湾海峡较深水域或东侧的较高温度水域可
能为其越冬和成熟的场所。 
3 个斑节对虾群体 NA、Ｐ、H 分别为 1.309-1.386、 36.8-47.4%和
0.156-0.208，较已报道的甲壳动物杂合度和多态位点比例要高。2 个种群体间
的遗传一致度 I为 0.991，基因流 Nm为 8.036，群体间存在较强的基因交流，种


















分子量为 200-2000bp，多态位点比例为 81.93 %，杂合度为 0.260，高于同工酶
得到的多态位点比例(47.6%)和杂合度(0.208)。可见，RAPD 方法较同工酶方法
提高了对斑节对虾种群遗传多样性的检测。 
2. 分析比较厦门、汕头的短沟对虾和海南、马来西亚的斑节对虾 5 个群体
16SrRNA基因的 470bp序列。结果表明，ST、HN和 XM03均只有一种单元型， XM02
的 3个体存在两种单元型，但只存在一个核苷酸差异。马来西亚种群 3个体存在










3. 测定了 XM02、XM03、ST短沟对虾种群、HN和 MX斑节对虾野生种群 mtDNA
控制区的 5’端 514bp基因序列。碱基组成分析表明，短沟对虾和斑节对虾均具
有很高的 A+T%含量，前者的含量(83.4%)高于后者(81.1%)。遗传多样性分析表
明，5 个群体遗传多样性丰富，单元型多样性均为 1.000。2 个斑节对虾种群多
态核苷酸位点比例均为 2.72%，HN样品的核苷酸多样性 Pi(0.018)和平均核苷酸
差异数 K(9.667)低于马来西亚种群的 Pi(0.028)和 K(14.000)，后者具有更高的
遗传多样性。3个短沟对虾群体的核苷酸多态位点比例(3.70%-4.67%)， Pi和 K
























内 6个属 19个种共 25个序列的 16SrRNA基因序列的遗传差异进行比较，进而构
建分子进化树。25 个序列共存在 129 个变异核苷酸位点，变异核苷酸位点比例












对虾属 3 个种(食用对虾 Penaeus esculentus、斑节对虾和短沟对虾)的亲
缘关系中，斑节对虾与食用对虾的遗传距离最远 0.071-0.078(平均 0.074)，食



























Studies on population genetics of Penaeus monodon and Penaeus 
semisulcatus 
The giant tiger shrimp(Penaeus monodon Fabricius 1798) is one of the world’s 
most economically important crustaceans and the biggest penaeid shrimp in size , and 
penaeus semiculcatus is also one of the biggest shrimp in size and a promising 
cultured species. These two species appear in coastal waters off Fujian,Guangdong 
and Hainan in China. 
Genetic variation and genetic differentiation of two wild populations of 
P.monodon sampled from the coastal waters off Hainan(HN) and Malaysia(MX) were 
studied using isozyme and mitochondrial control region sequences, one cultured stock 
of P.monodon was also analyzed using isozyme and RAPD methods. 19 loci coded by 
9 isozyme systems were recorded ,The species-specific loci includes Est-1,Est-2,Est-3 
Acp-1,Acp-4and Adh-4. The proportion of polymorphic loci(P), the effective number 
of alleles per locus(Ae), the mean heterozygosity (H) were 36.8%-47.4%,1.309-1.386 
and 0.156-0.208, respectively. Genetic differentiation was low between HN and MX 
populations, genetic identity(I) was 0.991,and gene flow (Nm) was 8.036.but MX 
population had a higher genetic diversity. Genetic identity(0.895-0.897)and 
Nm(0.865-1.033)between the cultured stock and wild populations showed that some 
genetic differentiation existed among them.  
Three groups of P.semisulcatus were collected from Xiamen(XM02,XM03) and 
Shantou(ST) coastal waters. 21 loci coded by 9 isozyme systems was identified, The 
species-specific loci including Est-4, Est-5, Acp-3,Alp-3and Adh-1, Adh-5.The 
proportion of polymorphic loci, the effective number of alleles per locus, the mean 
heterozygosity were 42.9%-47.6%,1.147-1.207 and 0.086-0.138 respectively, which 
were higher than other published date of crustaceans. This revealed that a rich genetic 















three groups, genetic identity(I ) was 0.987-0.998, strong gene flow( Nm was 
4.335-18.980) occurred among them. Thus it seemed that they represented only one 
population , we purposed that the deeper or warmer waters in the middle of Taiwan 
strait might be its’ overwintering and maturation place.  
Genetic diversity of the cultured stock of P.monodon. was also detected using 
RAPD method, 14 out of 40 oligonucleotide random primers amplified 83 stable, 
clear bands, 69 loci were polymorphic and the percent of polymorphic loci was 
81.93%, heterozygosity was 0.260, while the results gained by isozyme method were 
47.6% and 0.208. Therefore compared to isozyme method, RAPD was more sensitive 
to detect the genetic variability of Penaeid shrimp species . 
 Mitochondrial 16SrRNA gene fragments were amplified via PCR.. 
469bp(P.semisulcatus) and 470bp(P.monodon) nucleotide sequences were amplified 
and analyzed. One haplotype was found in ST, XM02 and HN populations, two 
haplotypes in XM03, but only one nucleotide divergence was found between XM02 
and XM03. The haplotype diversity in MX population was 1.000, 11 nucleotide 
positions (2.34%) were variable. Genetic distance among XM02, XM03, ST was 
0-0.002, no genetic differentiation existed among those groups. The genetic distance 
between HN and MX was 0.007, which suggested that there was some geographic 
populations differentiation. Genetic distance between species was 0.062-0.069, the 
divergence rate of the 16SrRNA gene was estimated as approximately 1.6-2.1% per 
million years, thus the divergence time between these two species was estimated to 
2.9×106- 3.9×106 years. 
Six Hainan individuals of P.monodon had only one haplotype , and was the same 
as one of the Malaysia’s haplotypes , as mtDNA is a useful marker of matrilineal 
mode of inheritance. One individual can represent the female group’s genetic traits. 
Therefore, we could deduce that HN population might derive from MX population . 
Genetic diversity of MX population was also more abundant than that of HN 
population. The low genetic diversity in HN population may be the result of founder 
effect and genetic drift , and which may lead to the low reproductive performance. 














sequences of 14 individuals from five populations(XM02,XM03,ST,HN,MX). Base 
composition showed that P. monodon’s A+T% content (83.4%) was higher than that 
of P.semisulcatus (81.1%) , the high A+T% content was similar to other arthropods. 
Genetic diversity analysis indicated that no shared haplotype was found among those 
individuals. The nucleotides diversity(Pi),average nucleotides divergence(K) and 
polymorphism nucleotides sites percent in P.semisulcatus populations were 
0.028-0.038,14.0-19.0,3.70-4.67% respectively. While in two wild populations of 
P.monodon, the HN population had a low Pi(0.018)and K(9.667) value compared to 
Pi(0.028)and K(14) of the MX population. Genetic divergence calculated by Fst 
between P.semisulcatus populations was 0.010-0.042, and 0.095 between P. monodon 
populations, a strong gene flow occurred within these two species. Nucleotide 
divergence between the two species was 0.307-0.318. Neighbor joining and UPGMA 
molecular phylogenetic tree all supported the conclusion that P. monodon and P. 
semisultacus represent distinct species.  
Variable sites(183bp), percent variable sites (35.06%) and nucleotides divergence 
(40.4%) between these two species were found by using control region gene 
fragments, when analyzed by using 16SrRNA gene fragments , the variable sites, 
percent variable sites and nucleotides divergence were only 37bp, 7.87%,and 7.83% 
respectively .Thus compared to the 16SrRNA gene, the control region is more 
sensitive to detect the genetic diversity and genetic differentiation of these two species, 
thus the control region gene was not only a useful marker to detect population genetic 
variability ,but also to phylogenic analysis at species level . 
Six 16SrRNA gene sequences obtained in this study were combined with those 
previously published for other 19 penedid shrimp species. 465-468bp was used to 
determine the genetic divergence and to reconstruct the phylogenetic tree, 129 
variable sites and  27.56%variable sites percent were identified. Genetic distance 
(D=0.116) was the largest between genus Melicertus and Litopenaeus, while D=0.043 
between genus Marsupenaeus and genus Melicertus was the least, this was even lower  
than most of the D value among species, Maximum parsimony and Neighbor joining 















Melicertus longistylus ,then clustered with other four Melicertus species , those 
conclusions support that Marsupeneus might not be regarded as a single genus ,but a 
species belongs to the genus of Melicertus .  
The genus Penaeus comprises of three species(Penaeus esculentus, P. monodon, 
P. semisulcatus ), genetic distance between P. monodon and P. esculentus , P.monodon 
and P. semisulcatus was 0.071-0.078(avg 0.074), 0.061-0.064(avg 0.063), respevtively, 
which shows that the relative relationship between P.monodon and P. semisulcatus are 
closer. Neighbor-joining(NJ) dendrogram in this research showed that P. monodon 
clustered with five Fenneropenaeus species first , then clustered with P. esculentus 
and P. semisulcatus ,which was the same as the Maximum likelihood(ML) 
dendrogram drew by Lavery et al (2004). But the Maximan parsimony dedrogram 
can’t solve the taxonomic status of genus Litopenaeus and Farfanpenaeus. So the 
clusting methods and gene fragments selected must have some effect on the molecular 
evolution tree. Different type of genes or molecular markers must be under considered 
in phylogenetic research.  
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